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Abstract –The present work applies a nonlinear model predictive current control (NLMPCC) 
approach to ac/dc pulse width modulation (PWM) rectifier. A cascade structure is used to regulate 
Dc-link voltage and grid currents. The outer loop objective is to regulate the Dc-link voltage to the 
desired value, providing the level of the required active power to be used with the reactive power 
to calculate the referencing current for the inner loop. In the inner loop, the proposed approach is 
considered. After that, the nonlinear model of the converter is developed, based on continuous 
minimization of predicted tracking errors, the voltage at the terminal of the converter is deduced. 
After that, a PWM block is used to generate gate signals. Simulation results are performed to 
illustrate the efficiency of the proposed control law.  
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In recent years, AC/DC pulse width modulation 
(PWM) converters have had more and more applications. 
These converters have been utilized in high voltage direct 
current (HVDC) transmission systems, microgrids (MG), 
renewable energy, and battery energy storage systems. 
They offer many advantages including low harmonic 
current distortion, bidirectional power flow, flexible 
control power flows, smooth and controllable dc-link 
voltage, high efficiency, and reliability [1-4]. To control 
the AC/DC PWM rectifier many strategies were 
proposed in the literature. Voltage oriented control 
(VOC) and direct power control (DPC) are initially used. 
The VOC reposed on double cascading loops control, the 
outer control loop gives the required dc-link voltage and 
the inner control loop controls the currents. PI regulator 
is used to regulate dc-ink voltage and current [5, 6]. The 
DPC concept regulates the active and reactive power 
directly based on the orientation of selected vectors from 
a look-up table [7, 8]. Each method has its benefits and 
drawback. However, both methods do not take into 
account the nonlinearity of the PWM ac/dc converter,  
 
therefore they lack disturbance rejection capability and 
have a slow transient behavior [9-11]. For better 
performance of PWM ac/dc rectifier, several nonlinear 
control design approaches have been applied in the last 
decade [12, 13]. Some of these techniques are based on 
replacing the PI regulator in VOC control with a 
nonlinear controller, such as sliding mode and fuzzy 
controllers [14-20]. Having, as an advantage, robustness 
with respect to parameters variations, generalized 
predictive control (GPC) of a linear system is an 
advanced technique widely adopted to control power 
electronics converters recently [21-26]. Significant effort 
has been devoted to extend GPC to nonlinear systems, 
where a nonlinear optimization problem must be solved 
online with computational complexity. To avert this, 
several nonlinear predictive laws have been developed in 
[27, 28]. In this case, the prediction of tracking error is 
obtained using, Taylor expansion model of the system 
and the reference signal. The control law is then 
established by minimizing a continuous quadratic 
function of the tracking [29-33]. 
In this paper, a nonlinear predictive current control 
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scheme is proposed to control the ac/dc PWM converter 
to benefit from the high accuracy, system stability, 
rapidity, and constraint capability. After developing the 
nonlinear model of the converter, the future values of the 
DQ-axis currents are determined using the Taylor 
approximation. After that, the control law (in our case the 
voltages at the input of the converter) is established by 
minimizing a continuous quadratic function of the 
tracking error between referencing and measured current. 
Finally, a PWM block is used to calculate the switching 
function to be applied in semiconductor devices. The 
referencing currents are deduced from the required active 
and reactive powers, in some applications the active 
power is deduced from an outer control loop that 
regulates the level of dc-link voltage.  
 
II. System Modeling 
 
Depending on the structure of the PWM converter 
shown in Figure 1 and using Park transformation we find 
a mathematical model in DQ rotating coordinate frame of 
ac side of PWM converter as follows: 
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Where: 
 ,d qe e  : Source voltage in the rotating frame. 
 ,d qv v  : Converter terminals voltage in the rotating 
frame.  
 ,d qi i  : Line current in the rotating frame.  
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Figure 1. Topology of ac/dc rectifier 
 
 The dc-side voltage dynamics of the converter is 
presented by (2) 
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Neglecting the losses in the input filter and 
semiconductor devices, the ac side active power is equal 
to dc side one, so:    
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Replacing (3) in (2) the dc-link voltage dynamics 
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From (1) and (4) the state space of the converter model is 
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III.  Modeling Predictive Current Control 
of PWM AC/DC Converter 
Consider a nonlinear system, described by: 
                 
   
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x f x g x u




                           (6) 
Where: 
   nx t R   : state variables vector,  
   mu t R : control vector,    
   my t R : output vector,   
    : n nf x R R  ,   :
n nxmg x R R  
and   : n mh x R R    
Are smooth nonlinear functions.  
 
Assumption 1: The general nonlinear system (6) is 
sufficiently differentiable with respect to time to any 
order. This implies that the nonlinear system (6) can be 
approximated by its Taylor-series expansion to any 
specified accuracy [26, 27]. 
Assumption 2: All States variables are measurable. 
Assumption 3: The system defined in (6) has a relative 
degree 4
ir     
The PWM converter system of (5) can be expressed in 
the form of (6), where: 
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The objective of predictive control is to elaborate a 
control law that coincides the output  y t  with the 
reference trajectory  refy t at the next step (t+h),h>0 is 
the prediction horizon, [26]. Therefore, the control goal 
is to minimize the following cost function [27]: 




J y t h y t h u t    
   
(7) 
Where 
mxmQ R is a definite positive matrix and 
mxmR R is a positive semi-definite matrix. 
The vector of the relative degree of our system is the 
vector  1 2
T
ir r r jr , which is the relative degree of 
the jth element of the output. It corresponds to the first 
derivative of  jy   revealing explicitly the control input 
ju   in the expression [25]: 
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After calculation, we find that   
1 2 1r r    
A simple way to predict the influence of  u t on 
 y t h is to expand it in the 
   1 2 1 1
T T
r r r  order Taylor series [31]. 
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Assumption 4: For the output  y t  of the nonlinear 
system (6) to follow the reference trajectory  refy t , we 
assume that the last one is
ir  differentiable (is 
differentiable times). This condition ensures the 
controllability of the output along with the setpoint 
 refy t  [26]. 
Therefore we can apply the Taylor expansion of order 
   1 2 1 1
T T
r r r   to the reference signal: 
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By replacing equations (9) and (10) in (7) the cost 
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Where: 
 e t   is the tracking error given as, 
     refe t h y t h y t h       
 The optimal solution is then obtained by 
minimizing the criterion (11) for the nonlinear system (6) 
compared to the control vector  u t : 
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IV. Simulations and discussion 
To verify the mathematical model of the PWM 
rectifier and to test the efficiency of the control laws 
presented in this work, we will test the program 
numerically in the environment MATLAB / Simulink. 
The overall control structure is illustrated in Figure 2. 
The control is based on two cascading loops, the outer 
loop controls the level of dc-link voltage using PI 
regulator, and in the inner loop, the d-q axis currents are 
regulated using predictive control. 
The converter parameters are given in Table 1. The 
design of the nonlinear model predictive current 
controller is based on the continuous model. The general 
control objective is to extract the switching state that 
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Figure 2. Control diagram of the proposed NLPC 
 
 
Table 1. Power circuit parameters. 
Items Symbol Value 
Input filter inductance L 12 mH 
Input filter resistance R 0.3 Ω  
DC-bus capacitor C 500µF 
Load resistance RL 200 Ω  
IV.1. Case 1: Dc-Link Voltage and Reactive Power Step 
When the simulation reaches a steady state, two steps 
are applied on the reference of DC-link voltage at t= 1.5 
and the reference of reactive power at t=2s. The results 
are presented in Figure 3. 
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Figure 3. Simulation results of Case I: (a) Dc-link voltage, (b) Active 
and reactive powers, (c) Grid voltage and current, (dd) d and q-axis 
current, (e) Three phases current. 
 
When the reference of Dc-link voltage boosts from 
400V to 500V, the Dc-link voltage stabilizes to the new 
reference on approximately 0.05s as shown in Figure 3-a. 
With this change the active power exchanged with the 
grid is increased too, in order to assure the required 
power requested at the output of the converter as 
observed in Figure 3-b. However, the reactive power 
stays unchanged. 
We can conclude from Figure 3-c that the proposed 
control techniques ensure a decoupled control between 
active and reactive power, where q-axis current controls 
the active power and d-axis current controls the reactive 
power. The transient response of the inner loop is too 
high. The measured current reaches the new reference 
immediately without overshoot.  
In Figure 3-d, the three phases current is presented, 
the currents are sinusoidal with a THD of less than 3%. 
In addition, along with the rise of active power, the 
amplitude of currents rises too.   
In Figure 3-e, both grid voltage and current are plotted 
in the same figure, before and after the referencing 
reactive power step is applied. When the reactive power 
is kept zero the voltage and current are in phase. But, 
when the reactive power increases to 1000 Var to a phase 
shift between the voltage and current is created. So the 
converter can be used as a reactive power compensator of 
the grid without affecting the output Dc-link voltage, or 
the grid current quality. 
IV.2. Case 2: load Steps 
In this sub-section, a load step is applied at t=1s (from 
60Ω to 40Ω). The dc-link voltage increases slightly and 
then returns to its reference without affecting the stability 
of the system as shown in Figure 4-a. From Figures 
Figure 4-b and Figure 4-c the active power, q-axis 
current, and the amplitude of the line current increase 
smoothly to a new value without a change in reactive 
power. 
In Figure 4-d, the three phases current is plotted; it is 
observed that the amplitude of the current droops to a 
new value, the current is always balanced and sinusoidal. 















































































































Figure 4. Simulation results of Case 2: (a) Dc-link voltage, (b) Active 
and reactive power, (c) d and q-axis current, (d) Three phases current. 
IV.3. Case 3: Grid Voltage Droops 
In With the integration of renewable energy in the 
grid, the grid voltage may drop from time to time, so we 
see to test the behaviour of the converter when the grid 
voltage drops by 30%. The results are shown in Figure 5.   
From Figure 5, the control law has a perfect transient 
under voltage droop. The system remains stable. An 
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increase in the amplitude of the current is to be 
considered in order to keep the system function in gat the 
same power level. So the average value of the active and 
reactive power remains unchanged, the system always 
works at the required Dc-link voltage with a unity power 
factor. The inner control loop has a very fast dynamic 
while keeping the system stable. 
 









































































































































































Figure 5. Simulation results of Case 3: (a) Grid voltage, (b) dc-link 
voltage (c) d and q-axis current, (d) Active and reactive power, (e) Grid 
current. 
IV.4. Case 4: Line Inductance Mismatch Investigation 
To investigate the robustness of the proposed control 
method, a big change in input filter inductance is applied, 
the value of the inductance is stepped from 12 to 2 mH at 
t=1s and afterward, it is increased to 20 mH at t=1.5s. 
Slight perturbation does not exceed 1V is provoked in the 
dc-link voltage. Otherwise, the dc-link stays smooth and 
in its reference value as shown in Figure 6-a. 
According to the wave forms of current in Figure 6-b, the 
change of the input filter inductance has no real impact 
on the current quality, the THD is practically unchanged. 
So the proposed control showed very high robustness 
against the system parameter mismatch. 
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(b) 
Figure 6. Simulation results of Case 4: (a) Dc-link voltage, (b) Three 
phases current. 
V. Conclusion 
In this paper a nonlinear model predictive current 
control has been proposed in order to improve the 
transient behavior of the PWM ac/dc rectifier. The 
nonlinear predictive control law was extracted using 
Taylor expansion and by choosing the d and q-axis 
current as control variables. The reference of current was 
deduced from the required values of active and reactive 
powers, where the active power determines the level of 
dc-link voltage which is controlled by the PI regulator.  
The control scheme was tested under significant changes 
in operating points of the converter and external 
disturbances (source voltage and load variation). The 
results are encouraging where the system stayed stable 
and follow the recommended reference. In order to 
investigate the robustness of the proposed control law, a 
sever change in the input filter was applied. In this case, 
the system showed high quality results. 
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